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(54)  Oxidation  and  ammoxidation  catalyst. 

@  Disclosed  herein  are  catalysts  useful  for  oxidation  and  am- 
moxidation  of  hydrocarbons.  Such  catalysts  have  the  empirical 
formula 

BiMoaVbSbclvldOx 
wherein  a  is  0.5-2,  b  is  0.01  -0.1  2,  c  is  0.01  -1  0,  d  is  0-0.5  and 
x  is  selected  to  satisfy  the  valence  requirements  of  the  other 
elements  present.  In  such  catalysts,  M  is  one  or  more  elements 
selected  from  Groups  l-A,  ll-A,  lll-A,  V-A,  Vl-A,  l-B,  IV-B,  Vl-B 
and  Vll-B  of  the  Periodic  Table. 

Catalysts  according  to  the  invention  are  prepared  by  form- 
ing  a  slurry  of  a  vanadium  component,  an  antimony  compo- 
nent,  a  hydrophilic  bismuth  molybdate  component  having  the 
empirical  formula 

BiMoaOx.Y(H20) 
wherein  a  is  0.5-2,  x  is  selected  to  satisfy  the  valence  require- 
ments  of  the  bismuth  and  molybdenum  and  Y  is  a  number  such 
that  the  bound  water  is  5  to  40  weight  percent  of  the  total  com- 
ponent,  and  optionally,  the  compound  M  and/or  a  support  ma- 
terial,  drying  the  slurry,  and  calcing  to  form  the  catalyst. 

Such  catalysts  are  specifically  useful  for  production  of 
acrylonitrile  from  propylene,  ammonia  and  an  oxygen- 
containing  gas.. 

ACTORUM  AG 

Disclosed  herein  are  catalysts  useful  for  oxidation  and  am 
moxidation  of  hydrocarbons.  Such  catalysts  have  the  empirical 
formula 

wherein  a  is  0.5-2,  b  is  0.01-0.12,  cis  0.01-10,  d  is  0-0.5  and 
x  is  selected  to  satisfy  the  valence  requirements  of  the  other 
elements  present.  In  such  catalysts,  M  is  one  or  more  elements 
selected  from  Groups  I-A,  II-A,  III-A,  V-A,  VI-A,  I-B,  IV-B,  VI-B 
and  VII-B  of  the  Periodic  Table. 

Catalysts  according  to  the  invention  are  prepared  by  form- 
ing  a  slurry  of  a  vanadium  component,  an  antimony  compo- 
nent,  a  hydrophilic  bismuth  molybdate  component  having  the 
empirical  formula 

wherein  a  is  0.5-2,  x  is  selected  to  satisfy  the  valence  require- 
ments  of  the  bismuth  and  molybdenum  and  Y  is  a  number  such 
that  the  bound  water  is  5  to  40  weight  percent  of  the  total  com- 
ponent,  and  optionally,  the  compound  M  and/or  a  support  ma- 
terial,  drying  the  slurry,  and  calcing  to  form  the  catalyst. 

Such  catalysts  are  specifically  useful  for  production  ot 
acrylonitrile  from  propylene,  ammonia  and  an  oxygen- 
containing  gas. 



BACKGROUND OF THE INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  o x i d a t i o n   a n d / o r  

a m m o x i d a t i o n   c a t a l y s t s   c o n t a i n i n g   the   e l e m e n t s   b i s m u t h ,  

m o l y b d e n u m ,   a n t i m o n y ,   v a n a d i u m   and  o x y g e n ,   and  o p t i o n -  

a l l y   c o n t a i n i n g   one  or  more  a d d i t i o n a l   m e t a l   e l e m e n t s  

and  to  a  me thod   of  p r e p a r i n g   such  c a t a l y s t s .   In  a n o t h e r  

a s p e c t ,   t h i s   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   e m p l o y i n g  

such  c a t a l y s t s .  

I t   is  wel l   known  t h a t   o l e f i n s   can  be  o x i d i z e d  

to  o x y g e n a t e d   h y d r o c a r b o n s   such  as  u n s a t u r a t e d   a l d e h y d e s  

and  a c i d s ,   for   e x a m p l e ,   a c r o l e i n   and  m e t h a c r o l e i n ,   a n d  

a c r y l i c   and  m e t h a c r y l i c   a c i d .   I t   is  a l s o   wel l   known  t h a t  

o l e f i n s   can  be  a m m o x i d i z e d   to  u n s a t u r a t e d   n i t r i l e s   s u c h  

as  a c r y l o n i t r i l e   and  m e t h a c r y l o n i t r i l e .   The  v a l u e   o f  

such  o x y g e n a t e d   h y d r o c a r b o n s   and  u n s a t u r a t e d   n i t r i l e s  

is  g e n e r a l l y   wel l   r e c o g n i z e d   wi th   a c r y l o n i t r i l e   b e i n g  

among  the   most  v a l u a b l e   monomers   a v a i l a b l e   to  the   p o l y m e r  

i n d u s t r y   fo r   p r o d u c i n g   u s e f u l   p o l y m e r i c   p r o d u c t s .  

V a r i o u s   c a t a l y t i c   p r o c e s s e s   a re   known  fo r   t h e  

o x i d a t i o n   a n d / o r   a m m o x i d a t i o n   of  o l e f i n s .   Such  p r o c e s s e s  
commonly  r e a c t   an  o l e f i n   or  an  o l e f i n   ammonia  m i x t u r e  

wi th   oxygen   in  the   v a p o r   p h a s e   in  the  p r e s e n c e   of  a 

c a t a l y s t .   For  the  p r o d u c t i o n   of  a c r o l e i n   and  a c r y l o -  

n i t r i l e ,   p r o p y l e n e   is  the   g e n e r a l l y   used   o l e f i n   r e a c t a n t  

and  fo r   the  p r o d u c t i o n   of  m e t h a c r o l e i n   and  m e t h a c r y l o -  

n i t r i l e ,   i s o b u t y l e n e   is  the   g e n e r a l l y   used   o l e f i n  

r e a c t a n t .  



Many  c a t a l y s t s   a r e   d i s c l o s e d   as  s u i t a b l e   i n  

the   f o r e g o i n g   r e a c t i o n s .   One  such  c a - t a l y s t   is  d e s c r i b e d  

in  Example   3  of  U.  S.  P a t e n t   3 , 6 8 1 , 4 2 1 .   T h i s   c a t a l y s t  

e m p l o y s   o x i d e s   of  a n t i m o n y ,   v a n a d i u m ,   and  at  l e a s t   o n e  

a d d i t i o n a l   p o l y v a l e n t   m e t a l   which  may  be  t i t a n i u m   i n  

the   p r o p o r t i o n   of  1  gram  of  a n t i m o n y ,   0 . 1 2 - 0 . 5   g r a m  
a toms   of  v a n a d i u m ,   and  0 . 2 5 - 0 . 5   gram  a toms   of  t i t a n i u m .  

Under   t he   c o n d i t i o n s   of  t h a t   e x a m p l e ,   a  y i e l d   of  56%  o f  

a c r y l o n i t r i l e   was  o b t a i n e d   u s i n g   p r o p y l e n e ,   a m m o n i a ,  

a i r   and  s t e a m  a s   r e a c t a n t s .  

F u r t h e r ,   U.  S.  P a t e n t   4 , 0 6 2 , 8 8 5   d i s c l o s e s  

the   p r e p a r a t i o n   of  p h t h a l o n i t r i l e   by  a m m o x i d a t i o n   o f  

o r t h o - x y l e n e   in  the   p r e s e n c e   of  a  s u p p o r t e d   c a t a l y s t  

of  t he   g e n e r a l   f o r m u l a   B iaSbbMocVdOx  w h e r e i n   a = 1 - 2 0 ,  

b = 1 - 1 0 ,   c = 0 . 1 - 1 5   and  d = 1 - 2 0 .   Use  of  such  a  c a t a l y s t  

fo r   o x i d a t i o n   or  a m m o x i d a t i o n   r e a c t i o n s   i n v o l v i n g   u n -  

s a t u r a t e d   a l i p h a t i c   h y d r o c a r b o n s   is  not   m e n t i o n e d ,  

h o w e v e r .  

More  r e c e n t l y ,   U.  S.  P a t e n t   4 , 0 9 3 , 5 5 8   d i s -  

c l o s e s   o x i d a t i o n   c a t a l y s t s   c o m p o s e d   of  t he   o x i d e s   o f  

a n t i m o n y ,   m o l y b d e n u m ,   at  l e a s t   one  of  i r o n   and  v a n a d i u m ,  

and ,   o p t i o n a l l y ,   an  a d d i t i o n a l   e l e m e n t   which  may  be  b i s -  

m u t h .   These   c a t a l y s t s   are   u s e f u l   fo r   m a n u f a c t u r e   o f  

m a l e i c   a n h y d r i d e   from  b u t a n e .  

P r e p a r a t i o n   of  a m m o x i d a t i o n   c a t a l y s t s   b y  

p r e f o r m i n g   b i s m u t h   m o l y b d a t e   and  t hen   m i x i n g   the   p r e -  
f o r m e d   b i s m u t h   m o l y b d a t e   wi th   o t h e r   e l e m e n t s   is  d i s -  

c l o s e d   in  U.  S.  P a t e n t s   No.  4 , 0 4 0 , 9 7 8 ,   No.  4 , 1 4 8 , 7 5 7  

and  No.  4 , 2 1 2 , 7 6 6 .  

I t   is  wel l   known  t h a t   the   e c o n o m i c s   o f  

a c r y l o n i t r i l e   m a n u f a c t u r e   d i c t a t e   i n c r e a s i n g l y   h i g h e r  

y i e l d s   and  s e l e c t i v i t y   of  c o n v e r s i o n   of  the   r e a c t a n t s  

to  a c r y l o n i t r i l e   in  o r d e r   to  m i n i m i z e   the   d i f f i c u l t i e s  

a t t e n d i n g   p u r i f i c a t i o n   of  the   p r o d u c t   and  h a n d l i n g   o f  



l a r g e   r e c y c l e   s t r e a m s .   M o r e o v e r ,   i t   is  known  t h a t  

p r i o r   a r t   c a t a l y s t s   f r e q u e n t l y   p r o d u c e   r e l a t i v e l y   l a r g e  

q u a n t i t i e s   of  u n d e s i r e d   o x y g e n - c o n t a i n i n g   b y - p r o d u c t s  

such  as  CO2,  a c r o l e i n   a n d / o r   a c r y l i c   a c i d   which  m u s t  

be  r emoved   in  p u r i f i c a t i o n   of  the   a c r y l o n i t r i l e .  

SUMMARY  O F  T H E  I N V E N T I O N  

It   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

a  n o v e l   c a t a l y s t   c o m p o s i t i o n   u s e f u l   in  the   p r e p a r a t i o n  

of  u n s a t u r a t e d   a l i p h a t i c   n i t r i l e s   by  a m m o x i d a t i o n   o f  

a l i p h a t i c   o l e f i n s .  

Yet  a n o t h e r   o b j e c t   is  to  p r o v i d e   a  c a t a l y s t  

which  is  u s e f u l   for   o x i d a t i o n   of  a l i p h a t i c   o l e f i n s   t o  

the   c o r r e s p o n d i n g   u n s a t u r a t e d   a l d e h y d e .  

A  more  s p e c i f i c   o b j e c t   of  t h i s   i n v e n t i o n   i s  

to  p r o v i d e   a  c a t a l y s t   which  g i v e s   s u r p r i s i n g l y   h i g h e r  

y i e l d s   and  s e l e c t i v i t y   of  c o n v e r s i o n   of  p r o p y l e n e ,  

ammonia  and  a i r   to  a c r y l o n i t r i l e   t h a n   do  p r i o r   a r t  

c a t a l y s t s .  

I t   is  a  f u r t h e r   o b j e c t   to  p r o v i d e   a  c a t a l y s t  

which  m i n i m i z e s   the   p r o d u c t i o n   of  o x y g e n a t e d   b y - p r o d u c t s  

of  a c r y l o n i t r i l e ,   such  as  C02,  a c r o l e i n ,   a c r y l i c   a c i d  

and  the   l i k e .  

S t i l l   a n o t h e r   o b j e c t   is  to  p r o v i d e   a  c a t a l y s t  
which  e x h i b i t s   s u b s t a n t i a l l y   i t s   f u l l   a c t i v i t y   i m m e d i a t e l y  

upon  s t a r t u p   of  an  a m m o x i d a t i o n   p r o c e s s ,   i . e . ,   w h i c h  

r e q u i r e s   no  b r e a k - i n   p e r i o d   u n d e r   a m m o x i d a t i o n   c o n d i t i o n s  

in  o r d e r   to  e x h i b i t   i t s   f u l l   e f f i c i e n c y   in  t e r m s   o f  

a c t i v i t y   and  s e l e c t i v i t y .  

A  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o -  
v i d e   a  p r o c e s s   fo r   m a n u f a c t u r e   of  such  a  c a t a l y s t .  

In  a n o t h e r   a s p e c t ,   i t   is  an  o b j e c t   of  t h i s  

i n v e n t i o n   to  p r o v i d e   an  a m m o x i d a t i o n   p r o c e s s   w h i c h  

e m p l o y s   such  a  c a t a l y s t .  



To  a c h i e v e   t h e s e   and  o t h e r   o b j e c t s   which  w i l l  

become  a p p a r e n t ,   a  c a t a l y s t   is  p r o v i d e d   h a v i n g   t h e  

e m p i r i c a l   f o r m u l a   BiMoaVbSbcMdOx  w h e r e i n   a = 0 . 5 - 2 ,  

b = 0 . 0 1 - 0 . 1 2 ,   c = 0 . 0 1 - 1 0 ,   d = 0 - 0 . 5   and  x  is  c h o s e n   t o  

s a t i s f y   t he   v a l e n c e   r e q u i r e m e n t s   of  the   o t h e r   e l e m e n t s  

p r e s e n t   and  in  which  M  is  one  or  more  e l e m e n t s   s e l e c t e d  

from  G r o u p s   I - A ,   I I - A ,   I I I - A ,   V-A,  VI-A,   I - B ,   IV-B,   a n d  

V I I - B   of  t h e   P e r i o d i c   T a b l e   of  the   E l e m e n t s .   A c c o r d i n g  

to  the   p r e s e n t   i n v e n t i o n ,   the   c a t a l y s t   is  p r e p a r e d   b y  

f o r m i n g   a  s l u r r y   c o n t a i n i n g   a  v a n a d i u m   c o m p o n e n t ,   an  

a n t i m o n y   c o m p o n e n t ,   a  h y d r o p h i l i c   b i s m u t h   m o l y b d a t e  

c o m p o n e n t   and ,   o p t i o n a l l y ,   one  or  more  e l e m e n t s ,   a n d  

d r y i n g   and  c a l c i n i n g   the   r e s u l t a n t   m i x t u r e .  

As  used   h e r e i n ,   the   t e rm  " h y d r o p h i l i c   b i s m u t h  

m o l y b d a t e "   means  a  h y d r o p h i l i c   c h e m i c a l   compound  o f  

b i s m u t h ,   m o l y b d e n u m   and  oxygen   and  " h y d r o p h i l i c "   m e a n s  
5  to  40  w e i g h t   p e r c e n t   of  the   compound  is  bound  w a t e r .  

Bound  w a t e r   as  used   h e r e i n   means   w a t e r   t h a t  

is  no t   r e l e a s e d   from  the   c o m p o s i t i o n   at  room  t e m p e r a -  

t u r e s   in  a  vacuum  d e s s i c a t o r ,   but   is  r e l e a s e d   on  h e a t i n g  

at  an  e l e v a t e d   t e m p e r a t u r e ,   p r e f e r a b l y   b e t w e e n   1 5 0 - 1 7 5 °   C. 

The  h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   c o m p o n e n t  

can  be  p r e p a r e d   by  v a r i o u s   t e c h n i q u e s ,   a l t h o u g h ,   as  w i l l  

be  seen   in  the   s p e c i f i c   e m b o d i m e n t s   t h a t   a l l   m e t h o d s  

known  to  the   a r t   for   p r e p a r i n g   b i s m u t h   m o l y b d a t e s   do  

not   a c h i e v e   the   h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   of  t h i s  

i n v e n t i o n .  

A  p r e s e n t l y   p r e f e r r e d   method   of  p r e p a r i n g   t h e  

h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   c o m p o n e n t   ts  by  a d d i n g  

to  an  a q u e o u s   s o l u t i o n   of  b i s m u t h   o x i d e   d i s s o l v e d   i n  

n i t r i c   a c i d ,   an  a q u e o u s   s o l u t i o n   of  m o l y b d e n u m   t r i o x i d e  

d i s s o l v e d   in  a m m o n i a ,   a d j u s t i n g   the   pH  of  the   r e s u l t i n g  

m i x t u r e   to  above   1.5  and  up  to  7,  p r e f e r a b l y   up  to  6 . 5  

and  more  p r e f e r a b l y   from  2  to  5,  and  h e a t i n g   at  an 

e l e v a t e d   t e m p e r a t u r e   u n t i l   the   h y d r o p h i l i c   b i s m u t h  



m o l y b d a t e   f o r m s .   The  h y d r o p h i l i c   b i s m u t h   m o l y b d a t e  

p r e c i p i t a t e   is  f i l t e r e d   and  w a s h e d .   G e n e r a l l y ,   t h e  

s o l u t i o n   m i x t u r e   w i l l   be  h e a t e d   at  a  t e m p e r a t u r e   o f  

a b o v e   60  to  105°  C.  and  for   a  p e r i o d   of  1  to  12  h o u r s .  

The  m o l y b d e n u m   c o m p o n e n t   can  be  i n t r o d u c e d  

as  a  m o l y b d e n u m   s a l t   i n s t e a d   of  the   o x i d e   as  i n d i c a t e d  

a b o v e .   U s e f u l   s a l t s   are   ammonium  d i m o l y b d a t e   a n d  

h e p t a m o l y b d a t e .   A l s o ,   m o l y b d i c   a c i d   and  m o l y b d e n u m  

h a l i d e s   may  be  u s e d .   L i k e w i s e ,   the   b i s m u t h   c o m p o n e n t  

can  be  i n t r o d u c e d   as  b i s m u t h   m e t a l   in  s o l u t i o n   w i t h  

n i t r i c   a c i d ,   as  a  s a l t ,   fo r   e x a m p l e ,   b i s m u t h   a c e t a t e s ,  

c i t r a t e s ,   n i t r a t e s ,   and  t r i p h e n y l s ,   and  as  b i s m u t h  

h a l i d e s   when  h y d r o l y z e d .  

A n o t h e r   me thod   of  p r e p a r i n g   the  h y d r o p h i l i c  

b i s m u t h   m o l y b d a t e   c o m p o n e n t   is  by  r e a c t i n g   b i s m u t h  

n i t r a t e   w i th   ammonia  h y d r o x i d e   and  t h e n   r e a c t i n g   t h e  

r e s u l t i n g   b i s m u t h   h y d r o x i d e   wi th   ammonium  m o l y b d a t e .  

T h i s   p r e p a r a t i v e   t e c h n i q u e ,   a l t h o u g h   r e q u i r i n g   g o o d  

d i s p e r s i o n   and  l e n g t h y   h e a t i n g   t i m e ,   does   not   r e q u i r e  

r e c o v e r y   of  the   h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   b y  

f i l t r a t i o n   or  the   l i k e   p r i o r   to  use  as  a  c o m p o n e n t   i n  

c a t a l y s t   p r e p a r a t i o n s .  

The  h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   c o m p o n e n t  
is  p r e f e r a b l y   p r e p a r e d   in  the   a b s e n c e   of  the   o t h e r   c o m -  

p o n e n t s .   H o w e v e r ,   the   b i s m u t h   m o l y b d a t e   c o m p o n e n t  

may,  if  d e s i r e d ,   be  p r e p a r e d   in  s i t u   in  the  p r e s e n c e  
of  o t h e r   e l e m e n t a l   c o m p o u n d s   a n d / o r   s u p p o r t s   which  do  

not  i n t e r f e r e   wi th   the   h y d r o p h i l i c   b i s m u t h   m o l y b d a t e  

f o r m a t i o n   ( s u c h   as  t h e i r   o x i d e s ) .   T h u s ,   in  p r e p a r i n g  

the   c a t a l y s t   the   o r d e r   of  a d d i t i o n   of  the   c o m p o n e n t s  

w i l l   d e p e n d   upon  when  the   b i s m u t h   m o l y b d a t e   c o m p o n e n t  
is  p r e p a r e d .  

The  h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   c o m p o n e n t  

is  p r e f e r a b l y   c o m b i n e d   as  a  wet  c a k e ,   but  may,  i f  

d e s i r e d ,   be  added   as  a  p r e - d r i e d   p o w d e r .   S u i t a b l e  

d r y i n g   t e m p e r a t u r e s   would  be  room  t e m p e r a t u r e   to  300°   C.  



I t   is  known  t h a t   b i s m u t h   m o l y b d a t e   c o m p o u n d s  

may  e x i s t   in  a l p h a ,   b e t a   and  gamma  fo rms   or  p h a s e s .   An 

i n t e r e s t i n g   and  i n f o r m a t i v e   s o u r c e   of  i n f o r m a t i o n   on 

t h e s e   f o r m s   of  b i s m u t h   m o l y b d a t e   is  found   in  J o u r n a l  o f  

S o l i d - S t a t e - C h e m i s t r y ,   Vol .   13,  pp.  2 2 8 - 2 9 7   ( 1 9 7 5 ) ,  

a u t h o r e d   by  Tu  Chen  and  G.  S.  S m i t h .   The  a l p h a   b i s m u t h  

m o l y b d a t e   has  the   m o l e c u l a r   f o r m u l a   B i 2 ( M o O 4 ) 3 ,   w h i l e  

the   b e t a   form  is  Bi2Mo2O9  and  the   gamma  form  has  t h e  

f o r m u l a   Bi2MoO6.  P a r t i c u l a r l y ,   the   p r e f e r r e d   h y d r o -  

p h i l i c   b i s m u t h   m o l y b d a t e   c o m p o n e n t   has  a  mo lybdenum  t o  

b i s m u t h   atom  r a t i o   of  0 . 9 5 - 1 . 2 ,   and  c o n t a i n s   p r e d o m i n -  

a n t l y   the   b e t a   p h a s e   of  b i s m u t h   m o l y b d a t e   on  c a l c i n a t i o n  

above   570°   C. 

A l t h o u g h   i t   is  p r e f e r r e d   to  use  the   o x i d e s   o f  

v a n a d i u m   and  a n t i m o n y   in  p r e p a r i n g   the   c a t a l y s t ,   o t h e r  

a n t i m o n y   and  v a n a d i u m - c o n t a i n i n g   c o m p o u n d s   may  b e  

e m p l o y e d .   E x e m p l a r y   of  such  a n t i m o n y   c o m p o u n d s   a r e  

a n t i m o n y   t r i o x i d e ,   a n t i m o n y   t e t r o x i d e ,   a n t i m o n y   p e n t -  
o x i d e   and  a n t i m o n i c   a c i d .   Compounds   which  form  an  o x i d e  

of  a n t i m o n y   a f t e r   c h e m i c a l   r e a c t i o n   or  c a l c i n a t i o n   a r e  

a l s o   s u i t a b l e .   For  e x a m p l e ,   m e t a l l i c   a n t i m o n y ,   a n t i m o n y  

h y d r o x i d e s   and  a n t i m o n y   h a l i d e s ,   such  as  a n t i m o n y   t r i -  

c h l o r i d e ,   t r i b r o m i d e   and  a n t i m o n y   p e n t a c h l o r i d e .   S u i t -  

a b l e   v a n a d i u m   c o m p o u n d s   i n c l u d e   v a n a d i u m   o x i d e s ,   s u c h  

as  v a n a d i u m   p e n t o x i d e ,   t e t r o x i d e   or  t r i o x i d e ,   v a n a d i u m  

o x a l a t e ,   ammonium  m e t a v a n a d a t e   and  v a n a d i u m   h a l i d e s .  

The  v a n a d y l   o x a l a t e   is  p r e f e r a b l y   p r e p a r e d   in  s i t u   b y  
r e a c t i o n   of  the   v a n a d i u m   compound  wi th   o x a l i c   a c i d ,  

such  as  V2O5,  HV03  or  NH4VO3. 
F o l l o w i n g   p r e p a r a t i o n   of  the   h y d r o p h i l i c  

b i s m u t h   m o l y b d a t e   c o m p o n e n t ,   i t   is  mixed  wi th   t h e  

v a n a d i u m   and  a n t i m o n y   c o m p o n e n t s   in  the   d e s i r e d   p r o p o r -  
t i o n s   and  we l l   m i x e d ,   p r e f e r a b l y   in  an  a q u e o u s   s l u r r y .  

At  t h i s   p o i n t ,   a  s u i t a b l e   c a t a l y s t   s u p p o r t   a n d / o r   o n e  

or  more  a d d i t i o n a l   m e t a l   c o m p o n e n t s   may  be  a d d e d ,   i f  

d e s i r e d ,   as  d e s c r i b e d   b e l o w .  



The  a q u e o u s   s l u r r y ,   if  a  s l u r r y   is  e m p l o y e d ,  
is  t hen   h e a t e d   to  remove  the  bu lk   of  the   a q u e o u s   p h a s e .  

The  c o n c e n t r a t e d   s l u r r y   c o n t a i n s   a  c e r t a i n   amount   o f  

w a t e r   and  i t   is  d e s i r a b l e   to  remove  t h i s   w a t e r   by  some 

form  of  d r y i n g   p r o c e s s   to  form  a  dry  c a t a l y s t   p r e c u r s o r .  
T h i s   can  t a k e   the   form  of  a  s i m p l e   o v e n - d r y i n g   p r o c e s s  
in  which  the   w a t e r - c o n t a i n i n g   s o l i d   p h a s e   is  s u b j e c t e d  

to  a  t e m p e r a t u r e   t h a t   is  s u f f i c i e n t l y   h igh   to  v a p o r i z e  

the  w a t e r   and  c o m p l e t e l y   dry  the  s o l i d   p h a s e .  

An  a l t e r n a t e   d r y i n g   p r o c e s s   which  may  b e  

e m p l o y e d   is  the   s o - c a l l e d   s p r a y - d r y i n g   p r o c e s s   in  w h i c h  

w a t e r - c o n t a i n i n g   s o l i d   p h a s e   p a r t i c l e s   are   s p r a y e d   i n t o  

c o n t a c t   wi th   hot  gas  ( u s u a l l y   a i r )   so  as  to  v a p o r i z e  
the   w a t e r .   The  d r y i n g   is  c o n t r o l l e d   by  the   t e m p e r a t u r e  
of  the   gas  and  the   d i s t a n c e   the   p a r t i c l e s   t r a v e l   i n  

c o n t a c t   wi th   the   g a s .   I t   is  g e n e r a l l y   u n d e s i r a b l e   t o  

a d j u s t   t h e s e   p a r a m e t e r s   to  a c h i e v e   too   r a p i d   d r y i n g  

as  t h i s   r e s u l t s   in  a  t e n d e n c y   to  form  d r i e d   s k i n s   on 
the   p a r t i a l l y   d r i e d   p a r t i c l e s   of  the   s o l i d   p h a s e   w h i c h  

are   s u b s e q u e n t l y   r u p t u r e d   as  w a t e r   o c c l u d e d   w i t h i n   t h e  

p a r t i c l e s   v a p o r i z e s   and  a t t e m p t s   to  e s c a p e .   By  t h e  

same  t o k e n ,   i t   is  d e s i r a b l e   to  p r o v i d e   the  c a t a l y s t   i n  

a  form  h a v i n g   as  l i t t l e   o c c l u d e d   w a t e r   as  p o s s i b l e .  

T h e r e f o r e ,   where   a  f l u i d i z e d   bed  r e a c t o r   is  to  be  u s e d  

and  m i c r o s p h e r o i d a l   p a r t i c l e s   a re   d e s i r e d ,   it  is  a d -  

v i s a b l e   to  c h o o s e   the   c o n d i t i o n s   of  s p r a y - d r y i n g   w i t h  

a  view  of  a c h i e v i n g   s u b s t a n t i a l l y   c o m p l e t e   d r y i n g   w i t h -  

out  p a r t i c l e   r u p t u r e .  

F o l l o w i n g   the   d r y i n g   o p e r a t i o n ,   the   c a t a l y s t  

p r e c u r s o r   is  c a l c i n e d   to  form  the   c a t a l y s t .   T h e  

c a l c i n a t i o n   p r o c e s s   is  u s u a l l y   c o n d u c t e d   in  a i r   a t  

e s s e n t i a l l y   a t m o s p h e r i c   p r e s s u r e   and  at  a  t e m p e r a t u r e  
of  a b o u t   525°  C  to  a b o u t   800°  C,  such  as  from  a b o u t  

550°  C  to  a b o u t   650°  C.  The  t ime  to  c o m p l e t e   t h e  

c a l c i n a t i o n   can  be  a n y t h i n g   up  to  10  h o u r s ,   but  f o r  

most  p u r p o s e s ,   t he   c a l c i n a t i o n   need  t a k e   on ly   f r o m  

a b o u t   1  t o  2   h o u r s .  



In  some  a p p l i c a t i o n s ,   i t   may  be  a d v a n t a g e o u s  

to  i n c l u d e   in  the   c a t a l y s t   a  s u p p o r t   m a t e r i a l   w h i c h  

m a y  o r   may  not   be  a c t i v e   c a t a l y t i c a l l y   but   w h i c h  

f u n c t i o n s   by  p r o v i d i n g   a  l a r g e   s u r f a c e   a r e a   for   t h e  

c a t a l y s t   and  by  c r e a t i n g   a  h a r d e r   and  more  d u r a b l e  

c a t a l y s t   fo r   use  in  t he   h i g h l y   a b r a s i v e   e n v i r o n m e n t  

of  a  f l u i d i z e d   bed  r e a c t o r .   T h i s   s u p p o r t   m a t e r i a l  

can  be  any  of  t h o s e   commonly   p r o p o s e d   fo r   such  u s e  
such  a s ,   f o r   e x a m p l e ,   s i l i c a ,   z i r c o n i a ,   a l u m i n a ,  

t i t a n i a ,   a n t i m o n y   p e n t o x i d e   sol  or  o t h e r   o x i d e   s u b -  

s t r a t e s .   From  the   p o i n t   of  view  of  a v a i l a b i l i t y ,   c o s t  

and  p e r f o r m a n c e , - s i l i c a   is  u s u a l l y   a  s a t i s f a c t o r y   s u p p o r t  
m a t e r i a l   and  is  p r e f e r a b l y   in  the   form  of  s i l i c a   s o l  

f o r   e a s y   d i s p e r s i o n .  

The  p r o p o r t i o n s   in  which  the   c o m p o n e n t s   o f  

t he   s u p p o r t e d   c a t a l y s t   a re   p r e s e n t   can  v a r y   w i d e l y  

but   i t   is  u s u a l l y   p r e f e r r e d  t h a t   the   s u p p o r t   p r o v i d e s  

from  TO  to  90%  and  most  p r e f e r a b l y   a b o u t   35  to  60%  b y  

w e i g h t   of  the   t o t a l   c o m b i n e d   w e i g h t   of  the   c a t a l y s t  

and  the   s u p p o r t .   To  i n c o r p o r a t e   a  s u p p o r t   i n t o   t h e  

c a t a l y s t ,   the   s u p p o r t   m a t e r i a l   is  p r e f e r a b l y   c o m b i n e d  

wi th   t he   s l u r r y   c o n t a i n i n g   the   a c t i v e   c o m p o n e n t s   d i s -  

c u s s e d   a b o v e .  

As  has  been  s t a t e d ,   c a t a l y s t s   a c c o r d i n g   t o  

t h i s   i n v e n t i o n   a re   t h o s e   h a v i n g   the   e m p i r i c a l   f o r m u l a  

BiMoaVbSbcMdOx,   where   a  is  from  0 . 5 - 2 ,   b  is  from  0 . 0 1 -  

0 . 1 2 ,   c  is  from  0 . 0 1 - 1 0 ,   d  is  from  0 - 0 . 5   and  x  i s  

t a k e n   to  s a t i s f y   the   v a l e n c e   r e q u i r e m e n t s   of  t he   o t h e r  

e l e m e n t s   p r e s e n t .   In  more  p r e f e r r e d   e m b o d i m e n t s   o f  

such  c a t a l y s t s ,   a  is  from  0 . 7 - 1 . 5 ,   b  is  from  0 . 0 2 - 0 . 0 5 ,  

c  is  from  0 . 1 - 3   and  d  is  from  0 - 0 . 2 .  

In  many  i n s t a n c e s ,   i t   may  be  d e s i r a b l e   t o  

m o d i f y   the   c a t a l y s t   p h y s i c a l   p r o p e r t i e s   or  t he   s p e c t r u m  

of  b y - p r o d u c t s   made  in ,   fo r   e x a m p l e ,   a m m o x i d a t i o n  

p r o c e s s e s   in  which  t h e s e   c a t a l y s t s   are   e m p l o y e d .  

F u r t h e r ,   i t   may  be  d e s i r a b l e   to  m o d i f y   the  p h y s i c a l  



p r o p e r t i e s   of  the   c a t a l y s t   s o m e w h a t .   To  t h i s   end ,   o n e  

or  more  a d d i t i o n a l   e l e m e n t s   may  be  i n c o r p o r a t e d   i n t o   t h e  

c a t a l y s t   f o r m u l a t i o n .   D e p e n d i n g   upon  the   p a r t i c u l a r  

p r o p e r t y   s o u g h t   to  be  m o d i f i e d ,   s u i t a b l e   a d d i t i v e  

e l e m e n t s   may  i n c l u d e   one  or  more  e l e m e n t s   s e l e c t e d .  

from  Groups   I -A ,   I I - A ,   I I I - A ,   V-A,  VI -A,   I - B ,   I V - B ,  

VI-B  and  VI I -B   of  the  P e r i o d i c   T a b l e   o f  

Compound  or  c o m p o u n d s   of  the   d e s i r e d   e l e m e n t ( s )   a r e  

c o n v e n i e n t l y   added   to  the   m i x t u r e   c o n t a i n i n g   the  a c t i v e  

b i s m u t h   m o l y b d a t e ,   v a n a d i u m   and  a n t i m o n y   c o m p o n e n t s ,  

e i t h e r   b e f o r e   or  a f t e r   a d d i t i o n   of  t he   s i l i c a   sol  o r  

o t h e r   s u p p o r t   m a t e r i a l ,   if  a  s u p p o r t   m a t e r i a l   is  e m p l o y e d .  

S p e c i f i c a l l y   p r e f e r r e d   among  the   m o d i f y i n g  

a d d i t i v e   e l e m e n t s   a re   p o t a s s i u m ,   c a l c i u m ,   m a g n e s i u m ,  

b o r o n ,   t h a l l i u m ,   a r s e n i c ,   p h o s p h o r u s ,   s e l e n i u m ,   t e l l u r i u m ,  

s i l v e r ,   t i t a n i u m ,   z i r c o n i u m ,   t u n g s t e n   and  m a n g a n e s e ,   a n d  

a n t i m o n y   a l t h o u g h   o t h e r   m o d i f i e r   e l e m e n t s   may  be  e m p l o y e d .  

The  c a t a l y s t   p r e p a r a t i o n   of  the   i n v e n t i o n  

y i e l d s   a  c a t a l y s t   t h a t   is  p a r t i c u l a r l y   u s e f u l   in  t h e  

p r o d u c t i o n   of  a c r y l o n i t r i l e   from  p r o p y l e n e   and  in  w h i c h  

f o l l o w s   s p e c i f i c   r e f e r e n c e   is  made  to  t h a t   p r o c e s s   a l -  

t h o u g h   i t   s h o u l d   be  u n d e r s t o o d   t h a t   the   d e s c r i b e d  

c a t a l y s t   is  a l s o   u s e f u l   fo r   a m m o x i d a t i o n   of  o t h e r   o l e f i n s  

and  fo r   o x i d a t i o n   of  a l i p h a t i c   o l e f i n s   to  a l d e h y d e s   a n d  

a c i d s .  

In  the  most  f r e q u e n t l y   used   a m m o x i d a t i o n  

p r o c e s s e s ,   a  m i x t u r e   of  o l e f i n ,   ammonia   and  o x y g e n   ( o r  

a i r )   is  fed  i n t o   a  r e a c t o r   and  t h r o u g h   a  bed  of  c a t a l y s t  

p a r t i c l e s .   The  r e a c t i o n   t e m p e r a t u r e   is  u s u a l l y   in  t h e  

r a n g e   of  400°   C  to  550°   C  and  p r e f e r a b l y   450°   C  t o  
5250  C,  and  the  p r e s s u r e   is  1  to  6  a t m o s p h e r e s   (100  t o  
600  k P a ) .   The  ammonia  and  o l e f i n   a re   r e q u i r e d   s t o i c h i o -  

m e t r i c a l l y   in  e q u i m o l a r   a m o u n t s ,   but   i t   is  u s u a l l y  

n e c e s s a r y   to  o p e r a t e   wi th   a  m o l a r   r a t i o   of  ammonia  t o  
o l e f i n   in  e x c e s s   of  1  to  r e d u c e   the  i n c i d e n c e   of  s i d e  



r e a c t i o n s .   L i k e w i s e ,   t he   s t o i c h i o m e t r i c   oxygen   r e q u i r e -  

ment  is  1.5  t i m e s   the   m o l a r   amount   of  o l e f i n .   The  f e e d  

m i x t u r e   is  commonly   i n t r o d u c e d   i n t o   the   c a t a l y s t   bed  a t  

a  W/F  ( d e f i n e d   as  the   w e i g h t   of  the   c a t a l y s t   in  g r a m s  
d i v i d e d   by  the   f low  of  r e a c t a n t   s t r e a m   in  m l / s e c .   a t  

s t a n d a r d   t e m p e r a t u r e   and  p r e s s u r e )   in  the   r a n g e   of  2  t o  

a b o u t   15,  p r e f e r a b l y   from  a b o u t   4  to  a b o u t   1 0 .  

The  a m m o x i d a t i o n   r e a c t i o n   is  e x o t h e r m i c   a n d  

fo r   c o n v e n i e n c e   in  h e a t   d i s t r i b u t i o n   and  r e m o v a l   t h e  

c a t a l y s t   bed  is  d e s i r a b l y   f l u i d i z e d ;   h o w e v e r ,   f i x e d  

c a t a l y s t   beds   may  be  e m p l o y e d   wi th   a l t e r n a t i v e   h e a t  

r e m o v a l   means  such  as  c o o l i n g   c o i l s   w i t h i n   t he   b e d .  

The  c a t a l y s t   p r e p a r e d   by  the   p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   wel l   a d a p t e d   fo r   u s e  

in  such  a  p r o c e s s   and  in  which  f o l l o w s   i t s   e f f e c t i v e -  

n e s s   and  a d v a n t a g e s   ove r   p r i o r   a r t   c a t a l y s t s   are   d e m o n -  

s t r a t e d   in  the   c o n t e x t   of  t h a t   p r o c e s s .  
A  m e a s u r e   of  the   h y d r o p h i l i c   c h a r a c t e r   of  t h e  

b i s m u t h   m o l y b d a t e   is  o b t a i n e d   as  f o l l o w s :  

a)  A  1  to  10  gram  s a m p l e   of  b i s m u t h   m o l y b d a t e  

s a m p l e   is  v a c u o - d r i e d   at  room  t e m p e r a t u r e  
in  a  vacuum  d e s s i c a t o r   u n t i l   a  c o n s t a n t  

w e i g h t   is  o b t a i n e d ,   t y p i c a l l y   2 4 - 4 8   h o u r s .  

b)  The  v a c u o - d r i e d   s a m p l e   is  h e a t e d  a t  1 6 0 - 1 7 0 °  C  

for   16 -24   h o u r s   and  t h e n   w e i g h e d   at  r o o m  

t e m p e r a t u r e .   The  W e i g h t  o f  B o u n d  W a t e r   i s  

t he   w e i g h t   of  t he   v a c u o - d r i e d   s a m p l e   m i n u s  

the   w e i g h t   of  t he   h e a t e d   s a m p l e .  
c)  The  s a m p l e   is  t hen   c a l c i n e d  a t  4 5 0 ° C   t o  

remove  ammonium  n i t r a t e   and  w e i g h e d   a t  

room  t e m p e r a t u r e   to  g i v e   the   W e i g h t   o f  

C a l c i n e d   S a m p l e .  

d)  The  "%  B.W."  is  the   p e r c e n t   Bound  Water   i n  

the  s a m p l e   and  is  d e f i n e d   a s :  



SPECIFIC EMBODIMENTS 
As  has  been  s t a t e d   a b o v e ,   the   c a t a l y s t   of  t h e  

i n v e n t i o n   has  the  e m p i r i c a l   f o r m u l a   B i M o a V b S b c M d O x ,  
w h e r e i n   a = 0 . 5 - 2 ,   b = 0 . 0 1 - 0 . 1 2 ,   c = 0 . 0 1 - 1 0 ,   d = 0 - 0 . 5   and  x 

is  a  number   t a k e n   to  s a t i s f y   the   v a l e n c e   r e q u i r e m e n t s  

of  the   o t h e r   e l e m e n t s   p r e s e n t   in  the  c a t a l y s t ,   o p t i o n a l l y  

d i s p e r s e d   on  a  f i n e l y   d i v i d e d   s u p p o r t   which  r e p r e s e n t s  
from  10  to  90%  of  the  s u p p o r t e d   c a t a l y s t   w e i g h t .   I n  

the   e x a m p l e s   t h a t   a re   p r e s e n t e d   b e l o w ,   s p e c i f i c   c o m p o s i -  

t i o n s   w i t h i n   t h i s   r a n g e   were  p r e p a r e d   and  e m p l o y e d   a s  

c a t a l y s t s   in  the   a m m o x i d a t i o n   of  p r o p y l e n e   to  p r o d u c e  

a c r y l o n i t r i l e .  

The  h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   c o m p o n e n t  

p r e c u r s o r   used   to  p r e p a r e   the   c a t a l y s t s   of  the   i n v e n t i o n  

has  the   e m p i r i c a l   f o r m u l a   B iMoaOx .Y(H2O)   w h e r e i n   a  i s  

.5  to  2,  x  is  a  number   t a k e n   to  s a t i s f y   the  v a l e n c e  

r e q u i r e m e n t s   of  the   b i s m u t h   and  m o l y b d e n u m   and  Y  is  5 

to  40  w e i g h t   p e r c e n t   of  the   c o m p o s i t i o n .  

As  used   in  the   f o l l o w i n g   e x a m p l e s ,   the   f o l l o w -  

ing  t e r m s   a re   d e f i n e d   in  the   f o l l o w i n g   m a n n e r :  
1.  "W/F"  is  d e f i n e d   as  the   w e i g h t   of  the   c a t a l y s t  

in  grams  d i v i d e d   by  the   f low  r a t e   of  r e a c t a n t  

s t r e a m   in  m l / s e c .   m e a s u r e d   at  S . T . P .  

2.  " P r o p y l e n e   (C3H6)  c o n v e r s i o n "   is  d e f i n e d   a s :  

3.  " A c r y l o n i t r i l e   (AN)  s e l e c t i v i t y "   is  d e f i n e d   a s :  

4.  " A c r y l o n i t r i l e   (AN)  y i e l d "   is  d e f i n e d   a s :  



In  the  f o l l o w i n g   e x a m p l e s ,   u n l e s s   o t h e r w i s e  

n o t e d ,   the  c a t a l y s t s   of  the   e x a m p l e s   were  e v a l u a t e d   t o  

d e t e r m i n e   a c r y l o n i t r i l e  s e l e c t i v i t y   and  y i e l d   a n d  

p r o p y l e n e   c o n v e r s i o n   in  a  f l u i d i z e d   bed  r e a c t i o n   v e s s e l  

h a v i n g   an  i n s i d e   d i a m e t e r   of  a b o u t   12 .8   m i l l i m e t e r s .  

A p p r o x i m a t e l y   25  grams  of  c a t a l y s t   was  used   in  e a c h  

c a s e .   A  r e a c t a n t   m i x t u r e   of  1 7 - 1 7 . 8   vo lume  % O2,  7 . 6 - 8 . 3  

vo lume   %  p r o p y l e n e   CC3H6),  8-9%  vo lume  %  NH3,  and  t h e  

b a l a n c e   h e l i u m   was  p a s s e d   upward   t h r o u g h   the   c a t a l y s t  

bed  at  a  r a t e   s u f f i c i e n t   to  g i v e   the   v a l u e   of  W/F 

shown  in  the  e x p e r i m e n t a l   r e s u l t s   for   each   e x a m p l e .  

The  t e m p e r a t u r e s   shown  in  t he   e x a m p l e s   a re   e x p r e s s e d   i n  

d e g r e e s   C e l s i u s ,   and  in  each  i n s t a n c e   the   p r e s s u r e   a t  

which  the  r e a c t i o n   was  c a r r i e d   out  was  207  kPa  u n l e s s  

o t h e r w i s e   n o t e d .  

E X A M P L E  

A  s e r i e s   of  c a t a l y s t s   a c c o r d i n g   to  the   p r e s e n t  
i n v e n t i o n   were  p r e p a r e d   by  the   f o l l o w i n g   t e c h n i q u e .  

B i s m u t h  M o l y b d a t e  C o m p o n e n t  
171  grams  of  m o l y b d e n u m   t r i o x i d e   (MoO3)  w e r e  

d i s s o l v e d   in  a  m i x t u r e   of  433  ml  of  w a t e r   and  215  ml  o f  

57%  ammonium  h y d r o x i d e ,   added   to  a  s o l u t i o n   of  2 5 1 . 7  

grams  of  b i s m u t h   t r i o x i d e   (B i2O3)   in  833  ml  of  w a t e r  

and  367  ml  of  70X  n i t r i c   a c i d   wi th   s t i r r i n g .   The  pH 

of  the  r e s u l t i n g   m i x t u r e s   were  a d j u s t e d   to  b e t w e e n   1 

and  6 .5   u s i n g   ammonium  h y d r o x i d e   and  h e a t e d   fo r   a p p r o x i -  

m a t e l y   2  h o u r s   at  100°  C.  The  b i s m u t h   m o l y b d a t e  

p r e c i p i t a t e   was  f i l t e r e d   and  washed   wi th   a p p r o x i m a t e l y  

500  ml  of  w a t e r .  

The  h y d r o p h i l i c   n a t u r e   of  each  of  the   b i s m u t h  
m o l y b d a t e   p r e c i p i t a t e s   was  m e a s u r e d   by  p l a c i n g   a  p r e -  
w e i g h e d   s a m p l e   (1  to  2  g r a m s )   in  p r e w e i g h e d   c r u c i b l e s  
and  d r i e d   at  a m b i e n t   t e m p e r a t u r e   in  a  vacuum  d e s s i c a t o r .  
Each  s a m p l e   was  t h e n   w e i g h e d   and  the  w a t e r   l o s s   c a l -  
c u l a t e d .   Each  s a m p l e   was  t h e n   h e a t e d   fo r   16  h o u r s   a t  



165°  C  and  t hen   c o o l e d   in  a  d e s s i c a t o r   and  w e i g h e d .  

Each  s a m p l e   was  t hen   h e a t e d   to  450°   C  to  remove  a n y  
ammonia  n i t r a t e   and  w e i g h e d   to  f i n d   the   dry  w e i g h t   o f  

the   p r e c i p i t a t e .  

C a t a l y s t  

To  s e l e c t e d   q u a n t i t i e s   of  s i l i c a   sol  c o n t a i n -  

ing  40%  s i l i c a   a d j u s t e d   to  a  pH  of  1 . 0 - 1 . 2   wi th   70% 

n i t r i c   a c i d   were  added  the  above   p r e p a r e d   b i s m u t h  

m o l y b d a t e   c o m p o u n d s   and  the   pH  was  m a i n t a i n e d   f r o m  

1 . 0 - 1 . 2 .   S e l e c t e d   q u a n t i t i e s   of  v a n a d i u m   p e n t o x i d e  

and  a n t i m o n y   t r i o x i d e   were  added   to  the   b i s m u t h  

m o l y b d a t e - s i l i c a   m i x t u r e s   wi th   m i x i n g .   Each  m i x t u r e  

was  h e a t e d   at  1 0 0   C,  s p r a y - d r i e d   and  t hen   c a l c i n e d  

in  a i r   at  5 0 0 - 6 0 0 °   C  for   1  hour  to  o b t a i n   the  c a t a l y s t s .  
Each  of  the   above   p r e p a r e d   c a t a l y s t s   h a v i n g  

the   e m p i r i c a l   f o r m u l a   B i M o 1 . 1 V 0 . 0 2 3 S b 0 . 2 4 O x  w a s   c h a r g e d  

i n t o   the   r e a c t i o n   v e s s e l   and  e v a l u a t e d   fo r   p r o p y l e n e  

a m m o x i d a t i o n   as  d e s c r i b e d   a b o v e .  

S p e c i f i c   v a r i a b l e s   and  r e s u l t s   o b t a i n e d   f o r  

each  p r e p a r e d   b i s m u t h   m o l y b d a t e   p r e c u r s o r   and  c a t a l y s t  

a re   g i v e n   in  T a b l e   1 .  





EXANIPLE 2 

A  c a t a l y s t   c o m p o s i t i o n   h a v i n g   an  e m p i r i c a l  

f o r m u l a   l i k e   the   c a t a l y s t s   of  Example   1  was  p r e p a r e d  

by  the   p r o c e d u r e   of  Example   1,  e x c e p t   t h a t   the   b i s m u t h  

m o l y b d a t e   c o m p o n e n t   was  p r e p a r e d   by  m i x i n g   b i s m u t h  

o x i d e   and  m o l y b d e n u m   t r i o x i d e   in  w a t e r   at  a  pH  o f  

3 . 5 .   A  0 . 5 9 3   gram  wet  s a m p l e   of  the   b i s m u t h   m o l y b d a t e  

p r e c i p i t a t e   w e i g h e d   0 . 3 8 7   gms  on  d r y i n g   in  v a c u o ,  

w e i g h e d   0 . 3 7 7   gms  on  d r y i n g   at  1650  C,  and  0 . 3 7 2   gms 

on  c a l c i n i n g .   The  %  B.W.  fo r   t h i s   s a m p l e   was  3%.  T h e  

c o m p l e t e d   c a t a l y s t   as  used   fo r   p r o p y l e n e   a m m o x i d a t i o n  

at  470°  C  and  at  a  5  W/F  gave  51%  AN  y i e l d ,   65%  AN 

s e l e c t i v i t y   and  78%  C3  c o n v e r s i o n .  

From  t h i s   e x a m p l e ,   i t   is  r e a d i l y   a p p a r e n t  
t h a t   b i s m u t h   m o l y b d a t e s   p r e p a r e d   as  t a u g h t   in  the   p r i o r  

a r t ,   as  e x e m p l i f i e d   by  USP  4 , 2 1 2 , 7 6 6 ,   column  4,  l i n e s  

6 4 - 6 8 ,   from  i n d i v i d u a l   o x i d e s   of  the  e l e m e n t s   does   n o t  

p r o v i d e   the   h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   of  t h i s   i n -  

v e n t i o n   nor  the   i m p r o v e d   c a t a l y t i c   a c t i v i t y   of  a  f i n i s h -  

ed  c a t a l y s t   b a s e d   t h e r e o n .  

EXAMPLE 3 

Example   1  is  r e p e a t e d ,   e x c e p t   t h a t   t h e  

v a n a d i u m   and  a n t i m o n y   is  added   as  a  p r e f o r m e d   v a n a d i u m  
a n t i m o n a t e   (VSb2)  and  the   c a t a l y s t s   a re   r e p r e s e n t e d  

by  the   e m p i r i c a l   f o r m u l a  

B i 1 0 M o 1 1 ( V S b 2 ) 1 . 7 5 O x  
C h a r a c t e r i s t i c s   of  each  run  and  the  r e s u l t s   are   g i v e n  

in  T a b l e   I I .  



The  above   e x a m p l e   c l e a r l y   shows  the   e f f e c -  

t i v e n e s s   of  i m p r o v i n g   c a t a l y s t s   r e g a r d l e s s   of  t h e  

a d d i t i o n a l   e l e m e n t s   i n c o r p o r a t e d   ( i . e . ,   a  v a n a d i u m  

a n t i m o n a t e   c o m p o n e n t   vs  a  v a n a d i u m   c o m p o n e n t   and  an  

a n t i m o n y   c o m p o n e n t ) .   F u r t h e r m o r e ,   the   e f f e c t i v e n e s s  

of  use  of  the   h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   of  t h i s  

i n v e n t i o n   is  shown  by  Run  C. 

E X A M P L E   4 

A  c a t a l y s t   h a v i n g   the   e m p i r i c a l   f o r m u l a   l i k e  

the   c a t a l y s t s   of  Example   1  was  p r e p a r e d   u s i n g   an  a l t e r -  

n a t e   p r e p a r a t i o n   p r o c e d u r e   fo r   t he   b i s m u t h   m o l y b d a t e .  
In  t h i s   a l t e r n a t e   p r o c e d u r e   2 5 1 . 7   gms  B i 2 0 3  w a s  
d i s s o l v e d   in  367  ml  70%  n i t r i c   a c i d   p l u s   900  ml  w a t e r .  
To  i t   was  added   a  s o l u t i o n   of  372  ml  of  57%  ammonium 

h y d r o x i d e   and  1400  mls  of  w a t e r   r e s u l t i n g   in  a  w h i t e  

p r e c i p i t a t e   which  was  washed   wi th   1000  ml  of  w a t e r   b y  
d e c a n t a t i o n .   To  t h i s   p r e c i p i t a t e   was  added  171  gms 
of  m o l y b d e n u m   t r i o x i d e   and  116  mls  of  57%  ammonium 

h y d r o x i d e ,   the   m i x t u r e   was  h-eated  at  8 0 - 8 5 0   C  f o r  

3  h o u r s ,   t he   pH  was  d r o p p e d   to  3 . 5   wi th   70%  n i t r i c  

a c i d   and  the  m i x t u r e   cooked   an  a d d i t i o n a l   3  h o u r s   a t  
8 0 - 8 5 °   C.  A  2 . 0 8 2   gm  s a m p l e   of  w e t c a k e   was  o b t a i n e d  

by  f i l t r a t i o n ,   on  v a c u o - d r y i n g   i t   w e i g h e d   1 .462   g m s ,  
on  d r y i n g   at  165°  C  i t   w e i g h e d   1 .274   gms,  and  1 . 2 4 4   gms 
on  c a l c i n i n g   at  450°   C.  The  %  B.W.  for   t h i s   s a m p l e   was  
13%.  To  p r e p a r e   the  c a t a l y s t ,   t he   b i s m u t h   m o l y b d a t e  

s l u r r y   was  pH  a d j u s t e d   to  1.8  wi th   70%  HNO3,  and  a d d e d  

to  i t   was  1300  gms  of  s i l i c a   sol  (40%)  pH  a d j u s t e d   t o  

1 . 8 ,   2 .2   gms  of  V 2 O 5  a n d   37  gms  S b 2 0 3 .   The  c a t a l y s t  

s l u r r y   was  t hen   t r e a t e d   as  in  Example   1.  The  c o m p l e t e d  

c a t a l y s t   as  used   fo r   a m m o x i d a t i o n   at  475°  C  and  at  a 
6  W/F  gave  72%  AN  y i e l d ,   75%  AN  s e l e c t i v i t y   and  96% 

C3H6  c o n v e r s i o n .  

From  t h i s   e x a m p l e ,   i t   is  c l e a r   t h a t   a l t e r n a t e  

p r e p a r a t i o n s   of  the   h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   c o m -  

p o n e n t   can  be  u s e d .  



1.  A  c a t a l y s t   fo r   o x i d a t i o n   and  a m m o x i d a t i o n  

of  h y d r o c a r b o n s   c o n s i s t i n g   e s s e n t i a l l y   of  c a t a l y t i c  

e l e m e n t s   h a v i n g   the  e m p i r i c a l   f o r m u l a  

w h e r e i n   a  is  from  0 .5   to  2,  b  is  from  0 .01   to  0 . 1 2 ,  

c  is  from  0 .01   to  10,  d  is  from  0  to  0 . 5 ,   and  x  i s  

t a k e n   to  s a t i s f y   the   v a l e n c e   r e q u i r e m e n t s   of  the   o t h e r  

e l e m e n t s   p r e s e n t   and  w h e r e i n   M  is  one  or  more  e l e m e n t s  

s e l e c t e d   from  Groups   I -A ,   I I - A ,   I I I - A ,   V-A,  V I - A ,  

I - B ,   IV-B,   VI-B  and  V I I - B   of  the  P e r i o d i c   T a b l e ,   s a i d  

c a t a l y s t   b e i n g   p r e p a r e d   by  f o r m i n g   a  m i x t u r e   c o n t a i n -  

ing  a  v a n a d i u m   c o m p o n e n t ,   an  a n t i m o n y   c o m p o n e n t ,   a 

h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   c o m p o n e n t   h a v i n g   t h e  

e m p i r i c a l   f o r m u l a  

w h e r e i n   a  is  from  0 .5   to  2,  x  is  t a k e n   to  s a t i s f y   t h e  

v a l e n c e   r e q u i r e m e n t s   of  t he   o t h e r   e l e m e n t s   p r e s e n t  
and  Y  is  a  number  such  t h a t   the   bound  w a t e r   is  5  to  40  

w e i g h t   p e r c e n t   of  the   t o t a l   c o m p o n e n t   and ,   o p t i o n a l l y ,  

a  compound  of  M,  f o r m i n g   s a i d   m i x t u r e   i n t o   dry  p a r t i c l e s ,  

and  c a l c i n i n g   at  a  t e m p e r a t u r e   of  from  500  to  8 5 0   C. 

2.  A  c a t a l y s t   a c c o r d i n g   to  Claim  1  w h e r e i n  

M  is  one  or  more  e l e m e n t s   s e l e c t e d   from  p o t a s s i u m ,  
c a l c i u m ,   m a n g a n e s e ,   b o r o n ,   t h a l l i u m ,   a r s e n i c ,   p h o s -  

p h o r u s ,   s e l e n i u m ,   t e l l u r i u m ,   s i l v e r ,   t i t a n i u m ,  

z i r c o n i u m ,   t u n g s t e n ,   m a n g a n e s e   and  a n t i m o n y .  

3.  A  c a t a l y s t   a c c o r d i n g   to  Claim  2  w h e r e i n  

a  is  from  0 .7   to  1 . 5 ,   b  is  from  0 . 0 2   to  0 . 0 5 ,   c  i s  

from  0.1  to  3  and  d  is  from  0  to  0 . 5 .  

4..  A  c a t a l y s t   a c c o r d i n g   to  Claim  2  w h e r e i n  

s a i d   m i x t u r e   is  an  a q u e o u s   s l u r r y .  

5.  A  c a t a l y s t   a c c o r d i n g   to  Cla im  4  w h e r e i n  

s a i d   b i s m u t h   m o l y b d a t e   c o m p o n e n t   is  f o r m e d   p r i o r   t o  

f o r m i n g   s a i d   s l u r r y .  



6.  A  c a t a l y s t   a c c o r d i n g   to  Claim  4  w h e r e i n  

a  s u p p o r t   m a t e r i a l   c o m p r i s i n g   from  a b o u t   10  to  a b o u t  

90%  of  the   t o t a l   w e i g h t   of  s a i d   c a t a l y s t   is  added  t o  

s a i d   s l u r r y .  

7.  A  c a t a l y s t   a c c o r d i n g   to  Claim  6  w h e r e i n  

s a i d   s u p p o r t   m a t e r i a l   c o m p r i s e s   from  a b o u t   35  to  a b o u t  

60%  of  the   t o t a l   w e i g h t   of  s a i d   c a t a l y s t .  

8.  A  c a t a l y s t   a c c o r d i n g   to  Claim  7  w h e r e i n  

s a i d   s u p p o r t   m a t e r i a l   is  s i l i c a .  

9.  A  p r o c e s s   fo r   the   p r o d u c t i o n   of  a c r y l o -  

n i t r i l e   which  c o m p r i s e s   r e a c t i n g   at  an  e l e v a t e d   t e m p e r -  

a t u r e   in  the   v a p o r   p h a s e   p r o p y l e n e ,   ammonia  and  m o l e c -  

u l a r   oxygen   ove r   a  c a t a l y s t   c o n s i s t i n g   e s s e n t i a l l y   o f  

c a t a l y t i c   e l e m e n t s   h a v i n g   the   e m p i r i c a l   f o r m u l a  

w h e r e i n   a  is  from  0 .5   to  2,  b  is  from  0 .01   to  0 . 1 2 ,  

c  is  from  0 .01   to  10,  d  is  from  0  to  0 . 5 ,   and  x  i s  

t a k e n   to  s a t i s f y   the   v a l e n c e   r e q u i r e m e n t s   of  the   o t h e r  

e l e m e n t s   p r e s e n t   and  w h e r e i n  M   is  one  or  more  e l e m e n t s  

s e l e c t e d   from  G r o u p s   I - A ,   I I - A ,   I I I - A ,   V-A,  VI-A,   I - B ,  

IV-B,   VI-B  and  V I I - B   of  the  P e r i o d i c   T a b l e ,   s a i d  

c a t a l y s t   b e i n g   p r e p a r e d   by  f o r m i n g   a  m i x t u r e   c o n t a i n -  

ing  a  v a n a d i u m   c o m p o n e n t ,   an  a n t i m o n y   c o m p o n e n t ,   a 

h y d r o p h i l i c   b i s m u t h   m o l y b d a t e   c o m p o n e n t   h a v i n g   t h e  

e m p i r i c a l   f o r m u l a  

w h e r e i n   a  is  from  0 . 5   to  2 ,  .x   is  t a k e n   to  s a t i s f y   t h e  

v a l e n c e   r e q u i r e m e n t s   of  t he   o t h e r   e l e m e n t s   p r e s e n t  
and  Y  is  a  number   such  t h a t   t h e   bound  w a t e r   i s  5   to  40  

w e i g h t   p e r c e n t   of  the   t o t a l   c o m p o n e n t   and,   o p t i o n a l l y ,  

a  compound  of  M,  f o r m i n g   s a i d   m i x t u r e   i n t o   dry  p a r t i c l e s  

and  c a l c i n i n g   at  a  t e m p e r a t u r e   of  from  500  to  8 5 0 0  C .  

10.  A  p r o c e s s   a c c o r d i n g   to  Claim  9  w h e r e i n   M 

is  one  or  more  e l e m e n t s   s e l e c t e d   from  p o t a s s i u m ,   c a l c i u m ,  

m a n g a n e s e ,   b o r o n ,   t h a l l i u m ,   a r s e n i c ,   p h o s p h o r u s ,   s e l e n -  

ium,  t e l l u r i u m ,   s i l v e r ,   t i t a n i u m ,   z i r c o n i u m ,   t u n g s t e n ,  

m a n g a n e s e   and  a n t i m o n y .  



11.  A  p r o c e s s   a c c o r d i n g   to  Claim  9  w h e r e i n   a 
is  from  0 . 7   to  1 .5 ,   b  is  from  0 . 0 2   to  0 . 0 5 ,   c  is  f r o m  

0.1  to  3  and  d  is  from  0  to  0 . 5 .  

12.  A  c a t a l y s t   a c c o r d i n g   to  Claim  9  w h e r e i n  

s a i d   m i x t u r e   is  an  a q u e o u s   s l u r r y .  

13.  A  p r o c e s s   a c c o r d i n g   to  Claim  9  w h e r e i n  

s a i d   b i s m u t h   m o l y b d a t e   c o m p o n e n t   is  f o r m e d   p r i o r   t o  

f o r m i n g   s a i d   s l u r r y .  

14.  A  p r o c e s s   a c c o r d i n g   to  Claim  12  w h e r e i n  

a  s u p p o r t   m a t e r i a l   c o m p r i s i n g   from  a b o u t   10  to  a b o u t  

90X  of  the   t o t a l   w e i g h t   of  s a i d   c a t a l y s t   is  added   t o  

s a i d   s l u r r y .  
15.  A  p r o c e s s   a c c o r d i n g   to  Cla im  14  w h e r e i n  

s a i d   s u p p o r t   m a t e r i a l   c o m p r i s e s   from  a b o u t   35  to  a b o u t  

60%  of  the  t o t a l   w e i g h t   of  s a i d   c a t a l y s t .  
'16.  A  p r o c e s s   a c c o r d i n g   to  Claim  15  w h e r e i n  

s a i d   p r o c e s s   is  c o n d u c t e d   at  a  p r e s s u r e   of  a b o u t   100 

to  a b o u t   600  kPa  and  a  t e m p e r a t u r e   of  a b o u t   400  t o  
a b o u t   500°  C. 

17.  A  p r o c e s s   a c c o r d i n g   to  Cla im  16  w h e r e i n  

s a i d   t e m p e r a t u r e   is  a b o u t   450  to  a b o u t   525°  C. 

18.  A  p r o c e s s   a c c o r d i n g   to  Claim  16  w h e r e i n  

the  f low  r a t e   W/F  is  in  the   r a n g e   of  a b o u t   2  to  a b o u t  

15  gm  s e c / m l .  
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